Research into the neurobiological substrates of psychopathology has been impeded by heterogeneity within diagnostic categories, comorbidity among mental disorders, and the presence of symptoms that transcend diagnostic categories. Solutions to these issues increasingly focus neurobiological research on isolated or narrow groupings of symptoms or functional constructs rather than categorical diagnoses. We argue for a more integrative approach that also incorporates the broad hierarchical structure of psychopathological symptoms and their etiological mechanisms. This approach places clinical neuroscience research in the context of a hierarchy of empirically defined factors of symptoms, such as internalizing disorders, externalizing disorders, and the general factor of psychopathology. Application of this hierarchical approach has the potential to reveal neural substrates that nonspecifically contribute to multiple forms of psychopathology and their comorbidity and in doing so facilitate the study of mechanisms that are specific to single dimensions and subsets of symptoms. Neurobiological research on the hierarchy of dimensions of psychopathology is only just beginning to emerge but has the potential to radically alter our understanding of the neurobiology of abnormal behavior. The dramatic growth of cognitive neuroscience and neuroimaging over the last quarter century has produced substantial advances in our ability to examine the functioning of specific neurobehavioral circuits. However, our understanding of the neural substrates of psychopathology has not kept pace with these advances. The National Institute of Mental Health Research Domain Criteria (RDoC) initiative asserts that progress has been slowed by a focus on categorical mental disorder diagnoses (1,2). At the heart of RDoC's rationale is a concern about the limits of case-control designs in which cases meeting categorical diagnostic criteria for a mental disorder are contrasted with healthy control subjects. Such designs impose several limitations. First, the heterogeneity of symptoms among cases with the same diagnosis may obscure relations between brain functions and psychopathology, because not all cases possess the same characteristics (1,3) . Second, the comorbidity of symptoms (or diagnoses) makes it difficult to ascribe observed relations to a specific target feature of cases (vs. frequently co-occurring nontarget features). Third, because case-control designs select extremely different groups of cases and control subjects, they create marked ascertainment biases. Fourth, and most important to our present argument, by limiting cases to only one diagnosis, case-control designs limit the range of symptoms that cases can exhibit, making it difficult to identify transdiagnostic mechanisms of psychopathology.
The dramatic growth of cognitive neuroscience and neuroimaging over the last quarter century has produced substantial advances in our ability to examine the functioning of specific neurobehavioral circuits. However, our understanding of the neural substrates of psychopathology has not kept pace with these advances. The National Institute of Mental Health Research Domain Criteria (RDoC) initiative asserts that progress has been slowed by a focus on categorical mental disorder diagnoses (1, 2) . At the heart of RDoC's rationale is a concern about the limits of case-control designs in which cases meeting categorical diagnostic criteria for a mental disorder are contrasted with healthy control subjects. Such designs impose several limitations. First, the heterogeneity of symptoms among cases with the same diagnosis may obscure relations between brain functions and psychopathology, because not all cases possess the same characteristics (1, 3) . Second, the comorbidity of symptoms (or diagnoses) makes it difficult to ascribe observed relations to a specific target feature of cases (vs. frequently co-occurring nontarget features). Third, because case-control designs select extremely different groups of cases and control subjects, they create marked ascertainment biases. Fourth, and most important to our present argument, by limiting cases to only one diagnosis, case-control designs limit the range of symptoms that cases can exhibit, making it difficult to identify transdiagnostic mechanisms of psychopathology.
Three alternatives to case-control designs that vary in how they address the above issues have emerged in clinical neuroscience. The narrow symptom approach focuses on single symptoms or small groupings of closely related symptoms instead of diagnoses. In contrast, the broad dimensional approach focuses on overarching dimensions of psychopathology that cut across diagnoses. Alternatively, the functional constructs approach organizes research around functional processes rather than symptoms or diagnoses. These processes may be related to narrow subsets of symptoms, broader symptom dimensions, or some combination of both. We advocate for a hierarchical structural approach that integrates these three strategies to elucidate neural correlates at multiple levels of psychopathology's hierarchical structure.
A HIERARCHICAL STRUCTURAL MODEL OF PSYCHOPATHOLOGY
A core challenge for clinical neuroscience is determining the "mappings" between neurobehavioral markers and different levels of psychopathology. However, a review of the growing empirical literature on the structure of psychopathological symptoms provides clear guidance on what many of these mappings will look like. Increasingly, this literature indicates that neither a narrow nor a broad dimensional approach in isolation will allow for a full mapping of neurobehavioral systems and psychopathology. Rather, the data suggest that clinical neuroscience would profit from the adoption of a model of psychopathology in which the etiologic factors operate simultaneously at multiple levels that range from narrow mechanisms to broad nonspecific influences on mental health.
The hierarchical structural approach to psychopathology places symptoms within an empirically determined hierarchy of dimensions. At least four levels can be identified (4) . The lowest level reflects individual symptoms. The next level is formed by first-order dimensions (or factors) defined by highly correlated symptoms. Above this, broader second-order dimensions reflect the correlations among subsets of the first-order dimensions. Finally, recent data support the existence of a general factor of psychopathology that reflects the widespread positive correlations among essentially all symptoms of psychopathology (4-6).
Narrow Symptoms
Individual symptoms can be viewed as the lowest level of a symptom hierarchy. Arguably, the simplest strategy for dealing with concerns about the heterogeneity of symptoms within a diagnostic group is to examine the correlates of specific symptoms rather than diagnostic categories. This approach is especially attractive when there is a close conceptual correspondence between a specific symptom and a functional construct with known neural underpinnings. For instance, symptoms of motivational anhedonia can be linked to neurocircuitry involved in facilitating motivated responses (7) . Within the context of RDoC, there are multiple examples of correspondence between a given narrow symptom and a proposed functional construct. However, such correspondence is by no means universal, because many symptoms and functional constructs defy a one-to-one relationship.
The primary limitation of focusing only at this narrow level is that psychological symptoms rarely occur in isolation ( Figure 1A ). When these nontarget symptoms differ from one subject to another, they can introduce heterogeneity as severe as that seen for a diagnostic category. This is not necessarily a problem if those nontarget symptoms cancel each other out in analysis. However, the associations between symptoms are often nonrandom, and when co-occurrence is high it becomes difficult to isolate relations between specific symptoms and neurobehavioral circuits or constructs. These co-occurring symptoms are often handled more reliably when aggregated into a first-order dimension.
First-Order Dimensions of Psychopathology
Frequently co-occurring symptoms are often handled by aggregation into first-order dimensions. Factor analysis studies indicate that these first-order dimensions generally (but not universally) parallel different DSM-IV/DSM-5 diagnoses (8-13), although there is some circularity in such studies given that the symptoms queried are frequently limited to those that are included in the DSM. Examination of first-order dimensions instead of diagnoses may nonetheless aid in neuroimaging research to the extent that they better capture the dimensional nature of psychopathology and eliminate artificial boundaries between diagnostic groups and clinical versus subclinical diagnostic distinctions (14) .
Correlations Among First-Order Dimensions and Comorbidity
Although studying first-order dimensions provides an empirical refinement over categorical diagnoses, as seen in Figure 1B , these dimensions (and the parallel categorical diagnoses) are far more correlated than orthogonal (15) (16) (17) (18) (19) (20) (21) . This comorbidity has often been treated as a failure of the current diagnostic system to achieve the Platonic ideal of "carving nature at its joints." We believe that clinical neuroscience research needs a paradigm shift in conceptualizing the high correlations among dimensions or disorders. Correlations among first-order dimensions of psychopathology should not be viewed as flaws, but rather as important sources of information about the nature and etiology of psychopathology (15, 18, 22, 23) . This shift has already begun to take hold in behavior genetics (23) (24) (25) (26) . It is arguably time for clinical neuroscience to take similar notice.
Second-Order Dimensions and the General Factor of Psychopathology
Factor analysis of the covariance of first-order symptom dimensions generate second-order factors. Two second-order factors, typically labelled externalizing and internalizing disorders, have emerged in many studies of children, adolescents, and adults and explain a substantial part of the variance in first-order dimensions of psychopathology (16, (27) (28) (29) (see the Supplement for a review of alternative second-order factors, including a thought disorders factor and the division of internalizing disorders into fears and distress factors).
An important observation from factor analysis studies-one that, until recently, has been ignored-is that the second-order factors are themselves robustly positively correlated rather than being orthogonal (5, 15, 16) . These correlations indicate that persons with high levels of internalizing symptoms are likely to exhibit externalizing symptoms and vice versa. Based on such findings, we hypothesized that the correlations among second-order factors of psychopathology reflect a general factor of psychopathology on which every first-order dimension loads (5) . Using data from the National Epidemiologic Survey on Alcohol and Related Conditions (30), we tested this hypothesis using a bifactor model (31) in which diagnoses of every mental disorder were allowed to load on a general factor of psychopathology (5) . Each diagnosis also loaded on either an externalizing factor or two subfactors of internalizing psychopathology (fears and distress). This bifactor model demonstrated better fit than a correlated three-factor (fears, distress, and externalizing) model lacking the general factor ( Figure 2 ). Subsequent papers have confirmed the presence of a general factor using bifactor models (6, 32, 33) [see Supplement and (4) for review and critique]. Caspi et al. (6) have proposed labelling the general factor the "p factor," suggesting a possible parallel to the g factor of intelligence.
Correlations among first-order dimensions within a higherorder factor, and between different higher-order factors, could arise for a number of reasons, including overlapping symptoms, one dimension influencing another dimension, and correlated measurement or reporting biases [see (4) for a discussion of these alternative explanations]. We focus on the testable hypothesis that the robust correlations among both first-order dimensions, as well as between higher-order factors, are largely caused by shared etiological mechanisms. A failure to attend to this shared variance may seriously compromise any endeavor to understand the neural correlates of psychopathology. We recognize that it is not necessarily the case that shared variance implies directly shared causes or mechanisms. Indeed, recent network analyses have raised the (as yet largely untested) hypothesis that some covariance of symptoms arise because some symptoms (or their functional consequences) exert causal influences on other symptoms (34) . Nevertheless, it seems reasonable to test the hypothesis that a significant portion of the shared variance in symptoms is related to common causes and mechanisms.
Heritability of Higher-Order Factors of Psychopathology
Two critical questions arise regarding the higher-order factors of psychopathology. First, do higher-order factors reflect causal influences shared across the lower-order dimensions that comprise the higher-order factor? Second, is there evidence that some of those shared causal influences are mediated by common biological mechanisms? Increasing data suggest that a substantial portion of the genetic variance of psychopathology is shared at the level of higher-order dimensions rather than being specific to first-order symptom dimensions (35) (36) (37) (38) (39) (40) (41) . Strikingly, a recent study found that among 
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Implications of the Metastructure of Psychopathology children and adolescents, at least two-thirds of the genetic variance of nearly all first-order symptom dimensions examined was accounted for by higher-order genetic factors operating at the level of the internalizing, externalizing, or general psychopathology factors, with a relatively modest proportion of genetic variance being unique to first-order dimensions (23) . Similar evidence of shared heritability across diagnoses arises in other studies of adolescents (42) and adults (43) . Molecular genetic studies have likewise identified genes that are associated with more than one disorder (26, (44) (45) (46) , and significant variance in the general factor appears attributable to the additive effects of common significant single nucleotide polymorphism (47) . Taken together, these findings suggest that both dimension-specific and broadly pleiotropic genetic influences operate at varying levels of the structural hierarchy of psychopathology.
APPLYING A HIERARCHICAL APPROACH TO THE CLINICAL NEUROSCIENCE OF PSYCHOPATHOLOGY
The above findings lead to several immediately testable hypotheses for clinical neuroscience research. First, based on the substantial but incomplete sharing of genetic influences across dimensions of psychopathology, we hypothesize that the neural substrates of psychopathology operate at multiple levels in the hierarchy of psychopathology dimensions. This ranges from narrow mechanisms that mediate only a small number of closely related symptoms to very broad, nonspecific mechanisms that affect the risk for-and the expression of-all prevalent forms of psychopathology. However, the observation that there is greater heritability of higher-order than first-order factors of psychopathology (4, 23) suggests that relations between neurobehavioral systems and psychopathology may be more robust at the higher-order dimensional level than at the narrower levels of symptoms or first-order dimensions. If this is the case, the need to revise our field's approach to conceptualizing and studying the neural substrates of psychopathology becomes even more urgent. There are at least three ways in which this hierarchical view can be integrated into research on the neurobiology of psychopathology.
First, although inefficient, one way to identify neurobiological systems associated with higher-order dimensions of psychopathology is to systematically reanalyze existing case-control studies of different disorders to generate hypotheses regarding neural features that are nonspecifically related to multiple forms of psychopathology. Indeed, case-control neuroimaging studies often converge on the same "usual suspects," with individual differences in regions, such as the amygdala, ventral striatum, and areas of the anterior cingulate and prefrontal cortices, repeatedly emerging in contrasts between cases and control subjects (48) (49) (50) (51) (52) . Whereas most findings from case-control studies were originally interpreted as disorder-specific effects, many results may reflect second-order or general factor associations. Reviews of psychophysiological measures-and a small but growing group of neuroimaging studies-also provide some support for this idea, at least at the level of internalizing or externalizing domains (53) (54) (55) (56) (57) . For instance, a recent meta-analysis of resting state data observed that altered functional connectivity between the amygdala and pregenual/ subgenual cingulate arises across case-control studies of different internalizing disorders and their risk factors (58) . The repeated emergence of common neural and psychophysiological correlates is particularly impressive given that case-control studies of individual disorders are suboptimal for identifying transdiagnostic associations. Meta-analysis of structural differences in psychopathology provides additional support for the hypothesis that there are nonspecific neural correlates of psychopathology that arise across case-control studies of different diagnostic groups. Using data from 193 voxel-based morphometry studies comprising 15,892 individuals and including patients with affective, anxiety, substance use, and psychotic disorders, Goodkind et al. (59) found convergent gray matter loss across all diagnoses in the dorsal anterior cingulate and bilateral insula. By contrast, there were only a few diagnosis-specific effects that reached statistical significance. This type of analysis cannot reveal whether the decreased gray matter plays a causal role in the disorders or is a consequence of the disorders or their treatment. Nonetheless, it is intriguing that the anterior insula is identified in such an analysis given its key position in networks related to saliency, affect, interoception, and autonomic regulation (60) . Similarly, the anterior cingulate plays a key role in the integration of negative emotion processing and cognitive control (61) .
Second, to date, the most common strategy for studying psychobiological mechanisms that act at the second-order level of psychopathology has been to use rating scales of externalizing and/or internalizing behaviors rather than categorical diagnoses. This has been primarily implemented with children and adolescents using the Child Behavior Checklist (CBCL) (62) . For example, in a large study of normal development, CBCL externalizing scores were negatively correlated with cortical thickness in portions of the left orbitofrontal, right retrosplenial, and right medial temporal cortices (63) . In a smaller sample of adolescents with externalizing disorders, Bjork et al. (64) observed a positive correlation between ventral striatal activation during the monetary incentive delay task and the CBCL externalizing dimension. In addition, among high-risk children and adolescents, a general factor score derived from a bifactor analysis of the CBCL has been observed to correlate with a measure of default mode network maturity (65) .
Third, an as yet underused alternative to case-control designs is to model the hierarchical factor structure of psychopathology in representative samples. In neuroimaging studies, this approach involves examining whether individual differences in factor scores at different levels of the symptom hierarchy are correlated with structural or functional imaging measures. Only recently have neuroimaging studies attempted to examine the neural correlates of psychopathology in this way. Using data from the IMAGEN study of adolescents (n 5 1778), Castellanos-Ryan et al. (66) demonstrated that scores on a second-order latent externalizing factor were associated with differential blood oxygen level-dependent responses during successful stopping on a stop signal task (with higher activation in the presupplemental motor area and precentral gyrus, but reduced substantia nigra and subthalamic nucleus activity). By contrast, other neural associations showed greater specificity, arising only at the level of first-order dimensions. Similarly, using data from the Philadelphia Neurodevelopmental cohort (n 5 1129), Shanmugan et al. (67) reported that a general psychopathology bifactor was associated with both abnormal patterns of activation and a failure to activate executive regions within a cingulate-opercular control network, including the frontal pole, and anterior insula during a working memory task. Critically, unlike prior studies that have only treated second-order factors like internalizing and externalizing as correlated factors without accounting for their common variance, this bifactor study revealed neural correlates of the orthogonalized second-order factors after controlling for the general factor (see Supplement for a full discussion). Recent resting-state functional magnetic resonance imaging studies have also revealed differential connectivity in relation to general adaptive-maladaptive psychological lifestyle features (resembling a general factor) as well as different connectivity related to an externalizing/internalizing division (68, 69) . Taken together, these findings elegantly demonstrate the feasibility of integrating a hierarchical structural approach to psychopathology into psychiatric neuroimaging and again suggest the importance of paralimbic regions to higher-order factors of psychopathology.
CAUSAL FACTORS AND ETIOLOGICAL HETEROGENEITY WITHIN A HIERARCHICAL APPROACH
One reason for advocating that neuroscience research incorporate analyses at more than one level of the structural hierarchy is the likely existence of substantial etiological heterogeneity within first-order dimensions of psychopathology. There are presumably multiple combinations of both narrow and general mechanisms that can increase the risk for, and expression of, specific forms of psychopathology. For example, individuals exhibiting symptoms of depression may be influenced by different combinations of mechanisms operating at the level of the general factor, the internalizing factor, the first-order dimension of depression, and at the level of psychobiological constructs closely related to specific depressive symptoms. The relative balance of these nonspecific and more specific mechanisms likely differs between individuals, with the breadth of symptoms being heavily driven by the level at which the etiological mechanism acts within the symptom hierarchy. Only by correctly identifying the hierarchical level at which the etiological factors exert their influence will it become possible to tease apart mechanistic heterogeneity (see Supplement for additional discussion).
Critically, the neural substrates of psychopathology may similarly be conceptualized in terms of their circuit-specific versus broad network properties. Within this framework, the neural correlates of psychopathology are hypothesized to differ in breadth in direct relation to the level of the structural hierarchy of psychopathology. Narrower neural correlates may be expected when symptoms are limited to a single dimension. By contrast, broad neural features, such as those captured by whole brain metrics (70), will be more saliently associated with higher-order factors of psychopathology.
IMPLICATIONS FOR RDOC
The structure of psychopathology as outlined above has immediate implications for the functional constructs approach as articulated in the RDoC initiative. By emphasizing the elucidation of functional constructs, RDoC takes advantage of the strong conceptual and empirical links between these constructs and neurobehavioral circuits. Indeed, to the extent that function mediates relations between brain and symptoms, these functional constructs may be more closely related to neuroimaging measures than dimensions of psychopathology. However, the hierarchical structural approach raises a critical question: At what level of the hierarchy of psychopathology do these functional constructs map? We suspect that many clinical neuroscientists will focus primarily on exploring mappings at the lower levels of the hierarchy. It will be essential to complement such studies with research designs that attend to the larger metastructure of psychopathology. As such, we need to consider which functional constructs or combination of constructs exert influences at higher levels of the hierarchy. Constructs showing the broadest patterns of associations, such as negative emotionality, are likely to exert influences at higher-order levels of the hierarchy. Alternatively, if higherorder factors represent a simple aggregation of symptoms, identifying the neural substrates of multiple RDoC constructs will be required to understand the neurofunctional substrates of these factors. It seems doubtful that the goals of RDoC can be reached in the absence of designs that facilitate exploration of associations between constructs and both narrow and broad dimensional features of mental illness.
DISCUSSION AND FUTURE DIRECTIONS
We have asserted that a hierarchical structural approach to psychopathology will be necessary to achieve the goals of clinical neuroscience. Given the context of this review, we have emphasized the implications of the hierarchical structural approach for clinical neuroscience, but the same principles apply to environmental etiological influences. For instance, childhood maltreatment may have its largest impact at a general rather than disorder-specific level (5, 6) . That said, we believe that an emphasis on the metastructure of psychopathology in clinical neuroscience is particularly important because the field has been slower than other areas of psychology and psychiatry to employ experimental designs that use hierarchical models. The lack of attention to the structure of psychopathology may arise because of a combination of theoretical orientation, guild, politics, and pragmatic factors, and we are certainly not the first to suggest that researchers should attend to the structure of psychopathology (22, 55, 71 ). Yet to date, such calls have not been widely attended to within the clinical neuroscience and neuroimaging research community. This situation must change.
In order to facilitate an integrative structural approach to psychiatric neuroimaging and clinical neuroscience, we make two general recommendations for future research.
Examine Multiple Dimensions of Psychopathology Simultaneously
Whenever possible, research should include samples that contain multiple forms of psychopathology. This requires revision of typical inclusion/exclusion criteria. In the desire to have "pure cases" without comorbidity, many studies overrepresent "cleaner" prototypical cases at the expense of Indeed, an argument can be made for using recruitment procedures that apply no, or minimal, diagnostic inclusion criteria. This "agnostic" recruitment approach allows for far more demographically representative samples than have been used in most psychiatric neuroimaging research, and provides unbiased measurement of all of the symptoms and dimensions that define the hierarchy of psychopathology. Measurement biases at the symptom level have generally not been attended to in neuroimaging studies, but the use of methods that minimize biases in correlations among symptoms are necessary to accurately model the neural correlates of each level of the psychopathology hierarchy. The primary limitation of this agnostic recruitment approach is that it is expensive. Nevertheless, it is possible to increase cost efficiency by oversampling individuals who exhibit at least some psychopathology.
Model Specific and Nonspecific Neural Correlates of Psychopathology Simultaneously
In order to successfully disentangle the neural substrates of psychopathology, it will be necessary to model both specific and nonspecific neural correlates in the same samples. This should greatly enhance our ability to appropriately assign influences and mechanisms to different levels of the hierarchy. A parallel approach arises in genetics research, where geneticists model both single gene effects on a given phenotype and pleiotropic effects in which a gene influences the expression of multiple phenotypes. If the neural correlates of a disorder follow a similar pattern as heritability estimates, then the neural characteristics of any first-order dimension of psychopathology will involve both distinct specific and nonspecific features. In an era in which we have started to apply neuroimaging for differential diagnosis and neuromodulation to target specific neural circuits, it is essential to determine if these neural circuits impact narrow features of psychopathology or produce nonspecific transdiagnostic effects.
Methodological Developments
Several methodological improvements are needed to facilitate assessment within hierarchical dimensional approach. First, we need to consider additional symptoms that are not currently in the DSM-5 (72, 73) , especially symptoms that might load heavily on higher-order factors but have been previously excluded because they fail to discriminate between disorders. Second, we need new approaches to measuring dimensions of symptoms, particularly in adults. Nearly all existing diagnostic interviews for adults use skip-outs in order to remove the need to ask questions about symptoms after the initial gateway symptoms of a diagnosis are determined to be absent. This approach is economical if only diagnoses are important, but it makes comprehensive dimensional assessment impossible because all symptoms are not queried in each individual.
To date, the assessment instruments that have been used to generate higher-order factors in adults have varied in terms of the specific first-order symptom domains covered, which limits comparison of findings across studies. The development and adoption of a common comprehensive measure is especially needed in the context of large multisite studies and data sharing repositories where the ability to combine data depends on the use of common instruments for operationalizing the hierarchy of psychopathology.
Finally, we note that the appropriate selection of neuroimaging paradigms and analytic techniques may vary depending upon the level of the hierarchy of psychopathology under investigation. Because task-based functional magnetic resonance imaging paradigms are designed to isolate specific neurobehavioral circuits, this approach may be optimal for identifying narrow constructs acting at lower levels of the symptoms hierarchy. By contrast, techniques assessing functioning across multiple neurobehavioral systems, such as graph theoretical approaches that provide whole brain metrics (70) , may prove particularly useful for detecting and characterizing the neural correlates of higher-order factors of psychopathology.
